ABSTRACT With the wide application of spatiotemporal data, more and more data need to be modeled. Fuzziness is one of the important characteristics of spatiotemporal data, but most of the existing spatiotemporal data models are regarded as accurate data and most of the spatiotemporal data models are static. The purpose of this paper is to build a fuzzy spatiotemporal data model based on UML by expanding the standard modeling language UML. On this basis, the historical topological state, effective time, and transaction time are added to make the model dynamic, that is, the states of multiple times are combined together to form a timeline to represent the development process of a fuzzy spatiotemporal entity. Considering the fuzziness of data and the dynamic development of objects, the model can describe the fuzzy spatiotemporal objects better, and make the model dynamic. At the same time, the operation of the UML class diagram is added to make the model data exercisable and compared according to their own needs, which increases the practicability of the model. Finally, an example of land desertification in Alashan is given, to prove the practicability of the model constructed in this paper.
I. INTRODUCTION
With the increasing dependence on computers and networks, more and more fields need to be digitized. In the real world, almost every object, event and phenomenon is related to time and space, thus producing a large range of spatiotemporal data [1] - [5] . With the wide use of spatiotemporal data, people need to deal with a large number of spatiotemporal data. However, due to the fuzzy factors of some spatiotemporal data, it is more difficult to study them. How to represent and deal spatiotemporal data effectively has become a hot research topic in the whole world.
In order to study spatiotemporal data, the most important thing is to establish a spatiotemporal data model. Traditional spatiotemporal model mainly includes relational database model, object-oriented database model and E-R database model. At present, most of the existing spatiotemporal data models are regarded as accurate data. But because of the polymorphism and variability of space-time, spatiotemporal data is often accompanied by uncertainty [6] . As one of the The associate editor coordinating the review of this manuscript and approving it for publication was Bora Onat. important characteristics of spatiotemporal data, fuzziness deserves our attention during the research.
Many scholars have proposed the representation of fuzzy spatiotemporal data model, which promotes the formation of fuzzy spatiotemporal data model. For instance, Cheng et al. has proposed an approach for representing fuzzy spatiotemporal knowledge with ontologies and investigated a formal construction of fuzzy spatiotemporal ontologies based on fuzzy Petri nets [7] . Many scholars have proposed fuzzy spatiotemporal data models. Chen et al. proposed a UML-based model [8] , and Tré et al. uses a constraint-based generalized object-oriented database model to manage spatiotemporal information [9] . A way about fuzzy spatiotemporal UML data model into fuzzy spatiotemporal XML model was proposed [10] , and Franceschet et al. had proposed an object-oriented XML model [11] . Fuzzy spatial objects and their topological relations was introduced in [12] , and a representation method of fuzzy spatial data in fuzzy objectoriented databases has been introduced. Cheng presented a new novel model for representing fuzzy spatiotemporal objects and their topological relations, and also investigated fuzzy query operators [13] . And Li et al. proposed a new spatiotemporal data model-event-driven spatiotemporal data model (E-ST) [14] , which is used to dynamically express and simulate the spatiotemporal processes of geographical phenomena.
UML (Unified Modeling Language) is a widely accepted object-oriented modeling language which has been extensively used in many fields and can better represent the fuzziness of information [15] , [16] . UML has been widely used in spatiotemporal applications and GIS because it can clearly represent the complex semantic relationships between concepts. Scholars have used UML to construct models related to time and space. By expanding UML, the temporal data model based on UML is obtained [17] , [18] . Christensen et al. discussed about the spatiotemporal characteristics and roles of geographic objects through the modeling of geographic data by the Danish National Survey and Cadastral Service (KMS) [19] . The semantics of fuzzy spatiotemporal data is researched in detail [8] , [10] , and the fuzzy spatiotemporal data model is obtained by extending UML, but it is only a static model.
By extending the UML class diagram, this paper studies the semantics of fuzzy spatiotemporal data, including fuzzy spatiotemporal entities, fuzzy spatiotemporal attributes and fuzzy spatiotemporal relationships. Furthermore, a fuzzy spatiotemporal data model is constructed based on UML class diagram. The historical topological state mentioned in [20] and the transaction time and valid time mentioned in [21] are added to make the model dynamic, that is, the states of multiple times are combined together to form a timeline to represent the development process of an entity. Considering the fuzziness of data and the dynamic development of objects, the model can describe fuzzy spatiotemporal objects better. At the same time, the operation of UML class diagram is added to make the model data can be operated or compared according to needs, which increases the practicability of the model.
The remainder of this paper is arranged as follows: Section II discusses the semantics of fuzzy spatiotemporal data including fuzzy spatiotemporal entities, fuzzy spatiotemporal attributes and fuzzy spatiotemporal relationships. The third section extends the UML class diagram, adds transaction time, valid time and historical topological state, and constructs a dynamic model of fuzzy spatiotemporal data based on UML class diagram. The fourth section discusses the basic operation of the model. Section V illustrates the feasibility of fuzzy spatiotemporal data model based on UML class diagram by taking Alashan land desertification as an example. Eventually, section VI summarizes the whole paper.
II. PRELIMINARIES A. FUZZY ENTITY SET AND FUZZY THEORY
An entity which changes with space and time is called a spatiotemporal entity. In some reality applications, however, entities are spatiotemporally uncertain. Such entities are called fuzzy spatiotemporal entity.
In order to express and solve the uncertainty of the entity, many methods have been proposed. The following is a widely used fuzzy theory:
For any element x in the universe set of study U, there is always a number corresponding to it.
Here, A represents a fuzzy set in U , and A (x) is called the membership degree of x to A. When x changes in U , A (x) represents the membership function of A.
The closer the degree of membership A(x) is to 1, the higher the degree that x belongs to A, and the closer the degree that A (x) is to 0, the lower the degree that x belongs to A. The degree to which x belongs to A is represented by the membership function A (x), which is taken from interval (0, 1).
B. FUZZY TIME SET AND FUZZY TIME RELATION
Because of the fuzziness of spatiotemporal data, the representation of spatiotemporal data is always uncertain. Next, we will define fuzzy time data objects and their relationships.
1) FUZZY TIME OBJECT
Fuzzy temporal objects are mainly divided into fuzzy time point and fuzzy time interval. Fuzzy Time Point: the time when the spatiotemporal entity occurs.
For example, ''Around nine o'clock am'', it is not sure if it is before, exactly at or after nine o'clock. So it is a fuzzy time point.
(t, µ) denotes a fuzzy time point, where t denotes a fuzzy time point and µ denotes the degree of membership of the fuzzy time point.
For example, (12:00, 0.6) mean that the probability that something will happen at 12:00 is 0.6. (0 ≤ µ ≤ 1)
Fuzzy Time Interval: consists of two time points that respectively indicate the start and end time of which at least one is the fuzzy time point.
For example, the sentence ''in the morning'' does not clearly define the start or the end time of this interval. So it's a fuzzy time interval.
(t 1 , t 2 , µ 1 , µ 2 ) denotes a fuzzy time interval, where t 1 and t 2 respectively indicate the approximate start time and end time of the fuzzy time interval, and µ 1 , µ 2 respectively denote the membership degree of the fuzzy time interval t 1 , t 2 .
2) FUZZY TIME RELATION
The fuzzy time relation is similar to the exact time relation, which includes fuzzy temporal direction relation, fuzzy temporal metric relation and fuzzy temporal topology relation.
a: FUZZY TEMPORAL DIRECTION RELATION
A fuzzy temporal direction relationship represents a direct directional relationship between two temporal points (two temporal intervals or one temporal point and one temporal interval), such as before and after.
b: FUZZY TEMPORAL METRIC RELATION
The fuzzy time metric relationship represents the relationship between two time objects, and measured in terms of ''hours, minutes, seconds'' and so on. The relationship between two fuzzy temporal intervals is f-Equal, f-Contain, f-Overlap, f-Meet and f-Disjoint.
The relationship between a fuzzy time point and a fuzzy temporal interval is f-Contain, f-Meet and f-Disjoint.
C. FUZZY SPATIAL SET AND FUZZY SPATIAL RELATION
In addition to the fuzziness of the temporal data described above, the representation of spatial data is also uncertain. In the following, we will define fuzzy spatial data objects and discuss the relationships between them.
1) FUZZY SPATIAL SET
Fuzzy spatial objects are mainly divided into fuzzy point, fuzzy line and fuzzy area. Fuzzy Point: an uncertain point in space. And it is unable to determine the exact location of the point.
(la, lo, τ ) denotes a fuzzy point, where la, lo denotes the longitude and latitude of the fuzzy point and τ denotes the membership degree of a fuzzy point. Fuzzy Line: a collection of line segments between two possible endpoints.
(la 1 ,lo 1 , la 2 , lo 2 , τ 1 , τ 2 ) denotes a fuzzy line, where la 1 , and lo 1 denote the longitude and latitude of two endpoints of a fuzzy line, and τ 1 , τ 2 denote the membership degree of the two fuzzy endpoints.
Fuzzy Area: an area with blurred boundaries.
(la min , lo min , τ min , la max , lo min , τ max ) denotes a fuzzy area, where (la min , lo min ) and (la max , lo max ) denote the minimum and maximum coordinates of the fuzzy field mapped to the latitude and longitude, respectively, and τ min and τ max denote the membership degrees of the points located at the coordinates (la min , lo min ) and (la max , lo max
If the area of the fuzzy area is known, it can also be expressed as (area, τ ) where τ is the membership degree of the fuzzy area.
2) FUZZY SPATIAL RELATION
The fuzzy spatial relation is similar to the exact spatial relation, which includes fuzzy spatial direction relation, fuzzy spatial metric relation and fuzzy spatial topology relation.
a: FUZZY SPATIAL DIRECTION RELATION
A fuzzy spatial direction relationship represents a direct directional relationship between two points (two lines, two areas and so on). The relative directions of spatial objects are east, south, west, north, northeast, southeast, northwest and southwest.
b: FUZZY SPATIAL METRIC RELATION
The fuzzy spatial metric relationship represents the distance between two fuzzy spatial objects, and measured in terms of ''centimeters, meters, and kilometers'' and so on. 
D. FUZZY SPATIOTEMPORAL CLASS RELATION
According to the UML class diagram, common relationships are Generalization, Association, Aggregation, Composition and Dependency.
1) GENERALIZATION
This is an inheritance relationship, a generalized-specialized relationship. For example, there is a generalization between typhoon and tropical cyclone, because typhoon is tropical cyclone while tropical cyclone is not necessarily typhoon.
2) ASSOCIATION
It embodies a strong dependency of two classes, or a semantic level between a class and an interface. It includes one-way associations, two-way associations, and self-association. For example, the relationship between subtropical high and tropical cyclone is an association.
3) AGGREGATION
Reflecting the ownership relationship between the whole and the part. For example, there is a aggregation relationship between the typhoon eye and typhoon because the typhoon eye is a part of the typhoon. VOLUME 7, 2019
4) COMPOSITION
Composition is a relationship between the whole and the part, but the part cannot exist alone without the whole.
5) DEPENDENCY
Dependency is a relationship of use, that is, the implementation of one class needs the assistance of another class, the change of one class will affect the other class, so try avoid two-way interdependence. For example, typhoons depend on cyclones.
III. FUZZY SPATIOTEMPORAL DATA MODEL BASED ON UML A. FUZZY SPATIOTEMPORAL DATA REPRESENTATION
To represent fuzzy spatiotemporal data, an abstract fuzzy spatiotemporal data model is defined as follows:
An abstract fuzzy spatiotemporal data model can be defined as a 5-tuple (P, S, T , O, A), where ''P'' represents an entity, ''S'' represents a spatial attribute of spatiotemporal data, ''T '' represents a temporal attribute, ''O'' represents an attribute independent of spatial and time, and ''A'' represents a relationship between different fuzzy spatiotemporal entities.
In the following cases, if fuzziness is not involved, it is handled in UML standard format.
1) FUZZY SPATIOTEMPORAL ENTITY
Whether it is a fuzzy entity or a definite entity, it is necessary to have attributes. In the extended spatiotemporal UML class diagram, the fuzzy entity is represented by a dashed box, and the solid frame represents the entity. For example, desertification is a fuzzy entity, but computer is a real entity (see Figure 1 for detail). 
2) FUZZY SPATIALTEMPORAL ATTRIBUTE
According to the attribute category contained in the spatiotemporal entity, fuzzy spatiotemporal entities may include fuzzy spatial, temporal and other attributes. In addition, in the UML fuzzy spatiotemporal data model, attributes or methods have visibility, and there are three symbols for visibility: ''+'' (for public), ''−'' (for private), ''#'' (for protected).
a: FUZZY TEMPORAL ATTRIBUTE SET
Fuzzy temporal attributes including fuzzy time points, fuzzy time intervals and fuzzy temporal relationships. We can use a set named ''< T >'' to represent fuzzy temporal property sets. The fuzzy membership degree of an attribute is after the attribute and is indicated by parentheses. (See Figure 2 for details.) For example, as shown in Figure 2 , ''Begging time (0.8)'' indicates that the event has a membership of 0.8 at this point in time, which means that the likelihood that it will occur at this point in time is 0.8.
Fuzzy Time Point: ''<t p >'' is used to describe the fuzzy time point of the fuzzy temporal attribute Fuzzy Time Interval: ''<t i >''is used to represent the fuzzy time interval of fuzzy temporal attribute.
Fuzzy Time Relation: ''<t r >''is used to represent the fuzzy time relation of fuzzy temporal attribute, where ''t d '' denotes fuzzy temporal direction relations, ''t m '' denotes fuzzy temporal metric relations, and ''t o '' denotes fuzzy temporal topological relations.
b: FUZZY SPATIAL ATTRIBUTE SET
As can be seen from the ordinary space attributes, fuzzy space attributes are divided into fuzzy points, fuzzy lines, fuzzy areas and fuzzy spatial relationships. We can use a set named ''< S >'' to represent fuzzy spatial property sets. The fuzzy membership degree of an attribute is after the attribute and is indicated by parentheses. For example, as shown in Figure 3 , ''Starting place (0.9)'' indicates that the event has a membership of 0.9 at this location, which means that the likelihood of the location being the starting location is 0.9. Fuzzy Point: Use ''<s p >'' to represent the fuzzy spatial point of fuzzy spatial attribute.
Fuzzy Line: Use ''<s l >'' to represent the fuzzy spatial line of fuzzy spatial attribute.
Fuzzy Areas: Use ''<s a >'' to represent the fuzzy spatial area of fuzzy spatial attribute. Whether a region is a fuzzy point or a fuzzy area is determined by the space in which it contrasts. If this area is small relative to the contrast space, and its area size is ignored, it is a fuzzy point. If attributes such as outline is needed, the area will be a fuzzy surface instead.
Fuzzy Spatial Relation: ''<s r >''is used to represent the fuzzy time relation of fuzzy temporal attribute, where ''s d '' denotes fuzzy temporal direction relations, ''s m '' denotes fuzzy temporal metric relations, and ''s o '' denotes fuzzy temporal topological relations.
c: FUZZY OTHER ATTRIBUTE
Some attributes are not spatial, temporal or spatiotemporal. We can use a set named ''<o>'' to represent fuzzy other property sets.
In summary, it is a property related to temporal, spatial or spatiotemporal. In addition, if there are other defined entities or attributes, its format is consistent with the standard UML.
3) FUZZY SPATIOTEMPORAL ASSOCIATION
According to the standard UML relationship, the relationships between common entities are Generalization, Association, Aggregation, Composition, Dependency, and Realization.
a: GENERALIZATION
In the extended spatiotemporal UML class diagram, this article uses dotted lines and triangle arrows to represent a fuzzy spatiotemporal generalization relationship.
For example, land desertification can be roughly classified into wind-erosion, water-erosion desertification, freeze-thaw desertification and soil salinization, and from Figure 4 it can be concluded that the relationship between these four kinds of desertification and the concept of desertification is generalization.
b: ASSOCAITION
In the extended spatiotemporal UML class diagram, this article uses dotted lines and arrows (the direction of the arrow indicates its association) to represent a fuzzy spatiotemporal association relationship.
The main cause of land desertification is the destruction of large areas of vegetation over a long period of time, and thus their relation (as shown in Figure 5 ) is association. 
c: DEPENDENCY
In the extended spatiotemporal UML class diagram, this article uses dotted lines and solid circles (circles pointing toward the user) to represent a fuzzy spatiotemporal dependency relationship.
The relationship between wind and wind erosion desertification is dependency, because it is impossible to form a wind erosion type of desertification without wind (shown in Figure 6 ). 
d: AGGREGATION
In the extended spatiotemporal UML class diagram, this article uses a dotted line with hollow diamond (the diamond points to the whole.) to represent a fuzzy spatiotemporal aggregation relationship.
Soil salinization is mainly characterized by low yield of crops, water shortage and dry climate, so the relationship between them could be aggregation (shown in Figure 7 ). 
e: COMPOSITION
In the extended spatiotemporal UML class diagram, this article uses a dashed line with solid diamond (the diamond points to the whole.) to represent a fuzzy spatiotemporal composition relationship.
The main forms of wind erosion desertification are migrating, suspending and rolling. As shown in Figure 8 , the relationship between them is a combination, there is no such form without wind erosion desertification, and they cannot exist alone.
B. FUZZY SPATIOTEMPORAL DATA MODEL BASED ON UML 1) HISTORICAL TOPOLOGY STATE

Definition 1 (Historical topological state):
A 3-tuple (U p , U s , T a ) is defined as a historical topology state. It represents the dynamic temporal evolution of an object, the U p represents the object identifier set of the preceding object, and U s represents the object identifier set of the succeeding object. T a represents the valid time or the transaction time for this state.
Historical topological state combines the states of several moments together to form a timeline, which shows the development process of an entity. Valid time is the time period during which a database fact is valid in the modeled reality. And transaction time is the time period during which a fact stored in the database is considered to be true. For example, the historical topology state of an entity is (U p , U s , 2017). If the time is the valid time, and the fuzzy spatiotemporal data model representing the entity is valid during this time. But if this time is the transaction time, it means this information enters the database in 2017.
2) FUZZY SPATIOTEMPORAL DATA MODEL BASED ON UML
A fuzzy spatiotemporal data model (U p , U s , T a ) is constructed for an entity with historical topological state, where U p and U s represent a fuzzy spatiotemporal data quintuple (P, S, T , O, A) of the preceding object and the succeeding object.
Among them
The P represents fuzzy entity. So far, the constructed model is a dynamic model which records the spatiotemporal data model of fuzzy entities at different times. The fuzzy spatiotemporal data model based on UML can be drawn according to the model constructed above and the actual requirements, that is, the model to be constructed.
3) AN EXAMPLE
The fuzzy spatial-temporal UML data model shown in Figure 9 can better reflect the composition of the fuzzy spatial-temporal data of land desertification type, land salinization and wind erosion desertification in the absence of long-term vegetation.
As can be seen from the Figure 9 , the relationship between vegetation destruction and land desertification is association. This is because long-term extensive vegetation destruction is one of the causes of land desertification. And land desertification can be roughly divided into wind-erosion, water-erosion desertification, freeze-thaw desertification and soil salinization, so that the relationship between these four kinds of desertification and the concept of desertification is generalization. The main forms of wind erosion desertification are migrating, suspending and rolling. So the relationship between them is a combination, there is no such form without wind erosion desertification, and they cannot exist alone. Finally, the relationship between wind and wind erosion desertification is dependency, because it is impossible to form a wind erosion type of desertification without wind.
IV. OPERATION OF FUZZY SPATIOTEMPORAL DATA MODEL BASED ON UML A. COMMON OPERATIONS OF UML CLASS DIAGRAMS
In the UML class diagram, attribute only describes the data to be processed, while the operation describes the specific method of processing the data. A class can have more than one operation or no operation. Operations describe how to handle the data in a class diagram, such as accessing, changing property values, performing an action, and so on. But they are constrained inside the class and can only act on objects of the class.
There are two kinds of services provided by the operation of the class. One is that the result of the operation causes the change of the state of the object, and the change of the state also includes the occurrence of the corresponding dynamic behavior. The other is to provide return results for the requester of the service.
B. OPERATION OF FUZZY SPATIOTEMPORAL DATA MODEL BASED ON UML 1) VISIBILITY OF THE OPERATION
There are three kinds of visibility of fuzzy spatiotemporal data model based on UML, whose meaning and representation are equivalent to the visibility of fuzzy spatiotemporal data attributes, among which there are ''+'' (for public), ''−'' (for private), and ''#'' (for protected). 
2) BASIC OPERATION a: THEORY
As mentioned above, in UML-based fuzzy spatiotemporal data model, operations are use to modify, retrieve properties of a class, or perform certain actions.
To describe the operation including the operation name and the detailed description of the operation, the operation of each object should be filled in the corresponding class symbol. When describing message sending, which object operations are required when the operation is performed is indicated, that is, the name of the class to which the object receiving the message belongs and the name of the operation that performs the message.
Definition 2:
In the UML-based modular spatiotemporal data model, the syntax for describing operations is:
[Visibility] Operation Name [(Property Table) : (Parameter Table) Among them, visibility includes ''+'' (for public), ''−'' (for private) and ''#'' (for protected). Operation names usually use verbs or verb phrases to describe the behavior of a class. Property Table describes the property tables to which the data belongs to that need to be returned. A parameter table is a variable that receives the parameter value passed in when the operation is invoked, separated by a '','' if there are multiple variables (and possibly none). The return type specifies the data type returned by the operation. Delete ( ): It is a delete operation that deletes an attribute from the attribute table.
Alert ( ): It is a modification operation that modifies an attribute in an attribute table. For example, ''-Alert (t p : string): void'' means to modify the fuzzy space point ''t p '' attribute of the fuzzy space attribute set.
c: EXTENED OPERATION
From the basic operations described above, some of the required attribute values can be obtained, so some additional operations such as comparative analysis and summary conclusions can be performed.
The most important thing is comparative analysis. By obtaining data, we can make comparative analysis of the same fuzzy entity at different times or different fuzzy entities at the same time (at different times), and then we can draw some conclusions.
In UML fuzzy spatiotemporal data model, solid lines are used to connect two contrasting fuzzy entities, small circles point to the fuzzy entities being compared, and dashed lines and ellipses are used to show the fuzzy spatiotemporal attributes between them.
As shown in Figure 10 , the state of desertification at a given time in two different regions can be clearly seen from the figure. For example, time interval between the onset of desertification in the two places is 36 days, ''xx'' Wind erosion desertification'' is about southeast of ''xx'' Soil salinization''.
V. A CASE OF FUZZY SPATIOTEMPORAL UML CLASS DIAGRAM MODEL
The Alashan region of Inner Mongolia, once rich in water and grass, is now the most deserted regions in China for a variety of reasons. In recent years, some measures have been taken to alleviate desertification. However, with the change of time, the area of desertification increases and decreases.
Based on the data collected [22] , [23] , a map of the desert and desertification distribution in Alashan region in 2010, as shown in Figure 11 , can be drawn. As can be seen from the map, the boundary division of the region has a certain fuzziness, which makes the data have fuzziness. It can be used as a fuzzy spatiotemporal data object to do some research.
Desertification land changes in the three regions of Alashan from the 1970s to 2010, as well as the dynamics of different types of desertification over the past 40 years, can be derived from [22] , [23] .
In summary, land desertification in Alashan can be a fuzzy spatiotemporal object which includes: 1) The boundaries of the land desertification regions in the Alashan regions are uncertain and have been increasing or decreasing over time (from the 1970s to 2010). 2) There are no clear boundaries between the various types of desertification, and there is ambiguity and dynamic change with time. 3) In this fuzzy spatiotemporal object, it also includes the rate of increase and decrease of desertification land, the beginning time, the beginning area and so on.
Together with the contents of section III, the fuzzy spatiotemporal data modeling based on UML can be constructed as shown in Figure. As shown in Figure 12 , we can know that large-scale environmental damage has resulted in desertification in Alashan, so there is an association relationship named ''Cause'' between them. The model includes fuzzy spatiotemporal object Alashan land desertification, and three fuzzy spatiotemporal objects (Alashan Zuoqi desertification, Alashan Youqi desertification, Eqina Qi desertification), the relationship between them is a composition. Each object has its own private attributes to describe some characteristics. They can be described as fuzzy spatiotemporal objects ''P''.
As can be seen from Figure 12 , the fuzzy spatiotemporal class ''Alashan Zuoqi desertification'' includes many fuzzy attributes. The area of each of these types of desertification, due to the area of each type of desertification has no clear boundaries and they all change with time. So they are all fuzzy spatiotemporal attributes and are marked with ''<s a >'' (mainly describing the fuzzy area). For example, ''-Desert area: about 30000km 2 (0.9)'' means that the fuzzy membership degree of the desert area of 30,000 km 2 in the Alashan Zuoqi in 2010 is 0.9. ''-Begging time'' is labeled ''<t p >'', meaning that the exact starting point is uncertain and only the approximate fuzzy time is known. ''speed'' is likewise unspecific and is only a fuzzy data, but it has nothing to do with space-time, so it is labeled ''<o>''. The attributes of the fuzzy spatiotemoral class ''Alashan Youqi desertification'' is the same as ''Alashan Zuoqi desertification''. The relation between fuzzy spatiotemporal class ''Eqina Qi desertification'' and fuzzy spatiotemporal classes ''Rock desert'', ''Desert'' and ''Gravel desert'' is Aggregation. The main reason for ''Rock desert'' is the strong wind, its formation depends on the wind, so the relationship between ''Rock desert'' and wind is dependency.
Combined with section IV, fuzzy attributes can be retrieved, modified, deleted, or added through UML operations (see Figure 12 ) Through the ''Get'' operation, we can get the required attributes in the fuzzy spatiotemporal class, and then compare them with other classes or different time states of this class. Figure 13 is a comparative diagram of fuzzy spatiotemporal classes ''Alashan Zuoqi desertification'' and ''Eqina Qi desertification'' in 2010, and Figure 14 is a comparative diagram of fuzzy spatiotemporal class ''Alashan desertification'' in 2010 and the 1970s. By comparing diagrams ( Figures 13 and Figure 14) , we can intuitively understand the semantic relations and differences between different fuzzy spatiotemporal entities.
VI. CONCLUSION
This paper focuses on the semantics of fuzzy spatiotemporal data, including fuzzy spatiotemporal entities, fuzzy spatiotemporal attributes and fuzzy spatiotemporal relationships. By extending object-oriented UML, a fuzzy spatiotemporal data model based on UML is constructed. On this basis, the historical topological state is added to make the model dynamic, which means the state of multiple moments are combined together to form a timeline, showing the development process of an entity. This model takes the fuzziness of data and the dynamic development of objects into account, and can better describe the fuzzy spatiotemporal objects. At the same time, the operation of UML class diagram is added to make the model data operative and comparable according to their own needs, which increases the practicability of the model.
In the future, we will continue to study the fuzzy spatiotemporal data model and construct a more vivid and practical fuzzy spatiotemporal data model to meet the needs of more spatiotemporal data.
